Pictorial faces looking left or right were presented to baboons (Papio papio) before the display of a target letter in the left or right hemifield of a monitor screen. Baboons had to provide go or no-go responses taking into account the identity of the target letter. The 1st 6 experiments showed no reliable effect of eye gaze on discrimination speed, using either schematic gazes or pictures of real gazes. Experiment 7 showed that eye gazes facilitated target processing when eye cues were perfect predictors of target location. Findings suggest that baboons do not spontaneously process eye-gaze direction but can learn to do so if the gaze has a predictive value. Implications of these findings on baboons' perspective-taking abilities are discussed.
Conspecifics are potentially important sources of information for social animals. Monitoring the behavior of others may help, for instance, to locate food or to detect predators. Eyes are salient components of the face that may be referred to by animals for gaining information from others. A great deal of evidence suggests that a variety of species are sensitive to direct gaze. Thus, iguanas (Ctenosaura simili; Burger, Gochfield, & Murray, 1991 , chickens (Gallus gallus; Gallup, 1972) , and infant rhesus monkeys (Macaca mulatta; Mendelson, Haith, & Goldman-Rakic, 1982) have shown greater behavioral responses to direct gaze contacts compared with averted gazes. Direct gaze is also a marker of social aggression or social dominance in many primate species (Miller, 1975) . The social significance of direct gaze may explain why primates pay greater attention to the eye region, compared with the other facial regions, when viewing facial stimuli (in rhesus monkeys: Keating & Keating, 1982; Sato & Nakamura, 2001 ; in baboons: Kyes & Candland, 1987) .
The orientation of the eyes is commonly used by humans for determining where the observed individual is looking and for inferring her or his center of interest. To what extent this ability exists in animals, in particular in nonhuman primates, the human's closest relatives, is still a matter of debate (e.g., Vick & Anderson, 2000; Vick, Bovet, & Anderson, 2001 ). This question is of great theoretical importance for the long-lasting debate on whether nonhuman primates have a theory of mind (e.g., Premack & Woodruff, 1978) . Premack and Dasser (1991) have claimed that the capacity to comprehend perception of others is a cognitive prerequisite for representing the mind of others.
Following Premack and Woodruff (1978) , Baron-Cohen (1994) reconsidered the theory-of-mind issue to account for mind reading abilities of human infants. According to Baron-Cohen, the ability to read the mind of others implies two primitive mechanisms: an eye direction detector (EDD) mechanism that detects the presence of eyes and their orientation and an intentional detector mechanism that reads the stimuli as volitional. These two perceptual primitives serve as joint entries to a shared-attention mechanism that transfers information to a theory-of-mind mechanism at a higher cognitive level.
There is good evidence that a variety of primate species differentially respond to gaze, when gaze information is defined as converging information provided by the orientation of the head and eyes. Tomasello, Call, and Hare (1998) for instance observed the orientation behavior of five primate species in a task in which the experimenter held up food items to gain attention of a first individual that was observed by a second test individual. Chimpanzees (Pan troglodytes), mangabeys (Cercocebus atys-torquatus), and rhesus (Macaca mulatta), stumptailed (Macaca arctoides), and pigtailed (Macaca nemestrina) macaques consistently showed co-oriented behaviors toward the experimenter. The fact that primates can detect and use gaze information has been confirmed by several other papers using either a gaze-following procedure (chimpanzee: Tomasello, Hare, & Agnetta, 1999; orangutan: Itakura, 1996 ; rhesus monkey: Emery, Lorincz, Perrett, Oram, & Baker, 1997; Lorincz, Baker, & Perrett, 2000) or an operant conditioning procedure in which gaze orientation is used as a cue for selecting a positive-choice stimulus (chimpanzee: Itakura & Tanaka, 1998; orangutan: Itakura & Tanaka, 1998 ; capuchin monkey: Itakura & Anderson, 1996 ; but see Anderson, Montant, & Schmitt, 1996; Anderson, Sallaberry, & Barbier, 1995) . Parallel to primates, dogs (Canis familiaris) also were reported to gain information from human gazing (e.g., , thus demonstrating that the use of gaze cues is not confined to primates but also extends to nonprimate species.
The above results were obtained in situations in which gaze information was given by a combination of head and eye cues. Considering Baron-Cohen's (1994) theoretical model of mind reading abilities and the assumption that mind reading systems imply a mechanism specifically devoted to the detection of eyes and to process their direction (i.e., EDD mechanism), an important question is whether nonhuman primates are able to gain information from the eyes only, without any head or body cues. The neurophysiological literature suggests that some neurons specifically tuned to the encoding of eye gaze exist in the monkey brain (Perrett et al., 1985) . However, what is the behavioral evidence for coding eye gaze?
In apes, chimpanzees are able to follow the eye gaze of a human (Povinelli & Eddy, 1996a) . The chimpanzee and orangutan also can select the positive object of a pair, when this object is designated by a human glance (Itakura & Tanaka, 1998) . Although these two studies indicate that apes are sensitive to the direction of eye gaze, a couple of other studies have suggested that the ability to read eye gaze is not accessible to every ape species or individual. Thus, Peignot and Anderson (1999) reported that captive lowland gorillas (Gorilla gorilla) used experimenter-given manual and facial cues in an object-choice task but failed to use eye gaze as a cue in the same task. Povinelli and Eddy (1996b) reported that infant chimpanzees did not process the orientation of the experimenter's eye gaze for presenting begging gestures.
The literature on nonape species also contains inconsistent results on the processing of eye gaze. Thus, several articles have reported that primates from various species do not take the orientation of eye gaze into consideration. Negative results of this type were obtained with capuchin monkeys (Itakura & Anderson, 1996) and rhesus monkeys . In contrast, Tomasello, Call, and Hare (1998) reported that the occurrence of coorientation behaviors in mangabeys and stumptailed, rhesus, and pigtailed macaques was not reliably associated with the presence of head or body movements and could be observed with eye gaze only. A firm conclusion from this article is, however, difficult because the data set is reported with insufficient details. Lorincz et al. (2000) recorded the looking behavior of 2 rhesus monkeys elicited by presentation of photographs of other rhesus monkeys directing their attention in space. The 2 monkeys preferentially inspected the space quadrant to which the pictorial monkeys gazed, suggesting that eye gaze of the pictorial monkeys was attended to by the subject. Using human experimenters as cues, Ferrari, Kohler, Fogassi, and Gallese (2000) recently reported gaze following by pigtailed macaques. In that study, significant effects of eye gaze were restricted to the adult observers and did not appear in macaques younger than 6 years, suggesting that gaze-reading abilities have a long-lasting developmental course. In another recent experiment, Vick and Anderson (2000) reported that 2 of 3 capuchin monkeys successfully used eye gaze in an object-choice task. Generalization from this positive finding is difficult, however, because this effect emerged as significant in a first, but not in a second, experiment using the same experimental condition. Eye gaze did not emerge in that study as the most salient facial cue to trigger attention, because a reliable preference for the orientation of the head was found in 1 monkey when eye and head cues conflicted.
In brief, inspection of the literature suggests that nonhuman primates can gain information from a combination of head and eye gaze cues but allows no clear-cut conclusion concerning the ability of primates to detect and comprehend the orientation of eye gaze in the absence of head or body signals. The general trend of the literature is that detection of gaze orientation is facilitated when visual signals are given by both eyes and head, compared with eye gaze only (e.g., Itakura & Anderson, 1996) . There is some evidence that neurons, which exhibit selective response to gaze direction and head orientation, do this in a hierarchical manner.
Thus, when eyes are visible, the neuronal responses are triggered by gaze direction. When the eyes are masked, then the head orientation controls firing responses (Perrett, Hietanen, Oram, & Benson, 1992) .
The current research focuses on the processing of eye signals by baboons and consequently searches for the existence of an EDD in them. Two main original features characterize our study. The first one concerns the species under study: the guinea baboon (Papio papio). Guinea baboons, like other baboons, are highly social animals living in large troops. The social communication system behavior of the guinea baboon is rich with many visual signals involving the eye region of the face. Threatening gestures of baboons, for instance, are often accompanied by a staring behavior, in which the eyes are fixed on the stimulus and the eyebrows are raised (Estes, 1991) . In aggressive contexts, baboons also raise their eyebrows to expose the eyelids, which sharply contrast with the surrounding facial color (Estes, 1991) . These facial gestures suggest a natural propensity of baboons to pay attention to the eye region.
Other aspects of baboons also suggest that they are well-suited subjects for studies of gaze processing. Considering their ecology, wild baboons are mostly found in short-grass savannah regions (Altmann & Altmann, 1970) and therefore strongly rely on visual signals for daily activities and social communication. Considering their morphology, baboons have elongated eyes (Kobayashi & Koshima, 1997) , possibly as an adaptation to terrestrial life. This particularity may facilitate detection of gaze direction of other individuals.
The second major original feature of the current research concerns the testing procedure. With only a few exceptions (Emery et al., 1997; Lorincz et al., 2000; Tomonaga, 2001) , previous studies all used living models in face-to-face situations to present eye gaze signals (e.g., Anderson, Montant, & Schmitt, 1996; Anderson, Sallaberry, & Barbier, 1995; Ferrari et al., 2000; Itakura & Anderson, 1996; Itakura & Tanaka, 1998; Povinelli & Eddy, 1996a; Tomasello et al., 1998; Vick & Anderson, 2000) . Use of living models might furnish a number of subtle uncontrolled behavioral cues, such as head or body movements that might control the animal's response behavior (for recent illustration of the effects of head cues, see Doherty and Anderson, 2001 ). The present study used a more controlled testing procedure, inspired from Friesen and Kingstone's (1998) study on human adults, that prevented these possible experimental biases induced by living models.
Using a computerized task, Friesen and Kingstone (1998) presented line drawings of faces before the display of a target letter on the left or right side of the face. The location of the target letter was unpredictably cued or uncued by the orientation of the gaze. Results showed shorter response times (RTs) for cued over uncued trials, thus demonstrating a reflexive orientation of attention triggered by the orientation of eye gaze. Similar results were found with photographic faces presented to adults (Hietanen, 1999) and infants (Hood, Willen, & Driver, 1998) . The main strength of that procedure is that it rules out the possibility that attentional shifts are induced by visual cues different from eye gaze. The analysis of RTs, moreover, permits detection of subtle variations of attention that might not be revealed by the testing procedure used so far with nonhuman primates.
Seven experiments are reported in the current article. The first three verified to what extent the orientation of schematic (Exper-iment 1) or photographic (Experiments 2-3) eye gazes could trigger an attentional shift in baboons. Because eye gazes had no clear-cut effect on baboons' attention, the next three experiments (Experiments 4 -6) verified the type of cognitive treatment applied to the task by them. Experiment 7 finally showed that after training attentional shifts might emerge in baboons when the orientation of eye gaze was a perfect predictor of target location. All in all, this series of experiments suggests that baboons do not spontaneously process the direction of eye gaze but can do so if eye gaze has a predictive value. These findings reveal some limitations in mindreading and perspective-taking abilities by baboons.
Experiment 1
Experiment 1 was a first attempt to demonstrate the presence of an EDD in baboons. In line with Friesen and Kingstone's (1998) study on humans, we used schematic drawing of faces as stimuli. Use of schematic faces as stimuli was justified by previous research suggesting that schematic representations of faces induce the same behavioral responses as more realistic representations of the faces, such as photographs. Myowa-Yamakoshi & Tomonaga (2001) observed, for instance, that neonate gibbons pay particular attention to schematic drawings containing a directed gaze, an effect that was replicated in macaques with photographs of real faces (Sato & Nakamura, 2001 ).
Method Participants
We studied eight 14-year-old Guinea baboons (Papio papio), 5 males and 3 females, that lived in social groups at the animal facility of the Center for Research in Cognitive Neurosciences, Marseille, France. The baboons were never presented with gaze-discrimination problems but were already familiar with the joystick apparatus and the go-no-go discrimination procedure used in that experiment (e.g., Deruelle & Fagot, 1998; MartinMalivel & Fagot, 2001 ). Baboons were not food deprived but received their food ration after completion of the training or testing sessions.
Apparatus
Subjects were tested inside an experimental enclosure (68 cm ϫ 50 cm ϫ 72 cm) facing an analog joystick, a metal touch pad, and a 14-in. color monitor that was driven by a Pentium 133 PC computer. On the front of the enclosure were a view port, a hand port, and a food dispenser. The food dispenser delivered 190-mg banana-flavored food pellets into the enclosure in accordance with the prevailing reinforcement contingencies. The distance between the view port and the monitor was 49 cm.
Stimuli
The stimuli consisted of a central display that was selected among the displays shown in Figure 1 , and an F-or T-shaped discriminative stimulus presented left or right of the central display. Three types of central displays were used. Hereafter, they are referred to as the eye, mouth, and nonfacial displays.
The eye display consisted of a 7.5°wide and 9°long oval representing the contour of the face. The face contained two eyes, each made of a 1°ϫ 0.6°filled oval surrounded by a larger 1.9°ϫ 1.6°oval, a nose made of a smaller 0.5°ϫ 0.4°oval, and a mouth made of a 2.1°straight horizontal line. Mouth displays were in all respects similar to the eye displays, except that the eyes remained blank and two dots similar to the pupils of the eye displays were added on the left and right corners of the mouth. The distance separating the two dots was equal to the distance separating the two pupils in the eye displays (i.e., 2.6°). Nonfacial displays contained the same internal elements as the mouth displays, which were rotated 180°and were included in a 7.5°ϫ 9°rectangle.
The discriminative letter-shaped stimuli were 0.7°ϫ 1.5°of visual angle. They were presented on the median horizontal axis of the monitor 3.5°left or right from the outer contour of the central display.
Procedure
General procedure. Baboons were isolated from their social group and individually placed into the test apparatus. Figure 1 illustrates the sequence of events in each trial.
The baboons initiated trials by contacting the touch pad with one hand. That contact induced presentation of a warning stimulus made of the eye, mouth or nonfacial display in which the 1.9°ϫ 1.6°oval remained blank (see Figure 1 , left column). The two filled-dots appeared on the display after 680 ms (see Figure 1 , central column). Dots appeared inside the 1.9 ϫ 1.6°ovals in the case of the eye displays. To mimic a real eye looking to the left or right side, the dot could touch either the inner right or left side of the eyeball, resulting in two possible x-y coordinates on the screen. In the case of the mouth and nonfacial displays, the two filled dots appeared in one of two possible locations on the left or right side of the horizontal line, instead of being included within the oval. The vertical coordinates of these dots were the same as the pupil dots of the eye displays.
The F or T discriminative stimulus was added to the display 300 ms after the onset of the filled dot (see Figure 1 , right column), and the whole display remained visible for 500 ms. It was then followed by a 1.5-s blank screen. The letter appeared either on the left or right side of the central display. There were two types of trials: cued trials, in which the filled dots were spatially biased toward the discriminative stimulus, and uncued trials, in which the dots were away from that stimulus. To obtain the food reward, the task was to move the joystick when the go stimulus (F for half of the subjects; T for the other half) appeared on the screen and to refrain from moving it when the no-go discriminative stimulus (T for the first half of subjects; F for the other half) was displayed. Any movement of the joystick was considered an acceptable response. Joystick manipulations were recorded during presentation of the discriminative stimulus and during the display of the 1.5-s blank screen. Correct go or no-go responses were followed by a high tone and one food pellet; incorrect responses were followed by a low, raucous tone and a 7-s time-out during which the screen turned green. After food delivery or time-out, the next trial could be initiated by a hand contact of the touch pad after a 6-s intertrial interval.
Preliminary training. Three training phases were given before the test. Training in each phase consisted of multiple 80-trial sessions, 40 go trials randomly intermixed with 40 no-go trials, which were repeated until the baboons achieved 80% correct or more in two consecutive sessions. The first training phase involved only presentation of the F or T as the discriminative stimulus. The second training phase involved presentation of one of the three central displays before the discriminative F or T stimulus. Central displays were devoid of the filled dots in that phase. Finally, the last training phase was similar to the actual testing phase, except that the filled dots were presented in the center of the eyeballs (eye displays) or were presented in the corresponding vertical position on the left and right of the horizontal line (mouth and nonfacial displays). Trial order within a session was randomized and varied from one session to the next and from one baboon to another. Baboons needed from 12 to 25 training sessions to proceed from the first to the last training phase.
Testing. The experiment involved three consecutive test sessions for each baboon. Test sessions consisted of 120 trials in which the type of discriminative stimulus (F or T), the type of central display (eye, mouth, and nonfacial), and the type of trial (cued or uncued) were counterbalanced. Trial order was randomized before each session and thus varied from one session to the next.
Data analysis. The number of correct responses for go and no-go trials were added for each baboon and then submitted to an analysis of variance (ANOVA) in which the type of central display (eye, mouth, or nonfacial) and the type of trial (cued or uncued) served as the unique two withinsubject factors. The analysis of RTs used a similar Central Display ϫ Type of Trial ANOVA but was restricted to correct go trials. When necessary, RT analyses at the level of the group were complemented by analyses at the level of the individuals. These analyses consisted of individual participant full factorial ANOVAs in which correct RTs within the range of the mean Ϯ 2 SD were used as the dependent variable and the type of central display and trial served as the unique two independent variables.
Results
Baboons got 89.6% of the trials correct (SD ϭ 9.4). The analysis of scores showed that neither the effect of central display nor the effect of trial type emerged as significant (central display: M eye ϭ 89.5% correct, M mouth ϭ 87.8%, M nonfacial ϭ 91.5%), F(2, 14) ϭ 1.92, ns, (trial type: M cued ϭ 89.2%, M uncued ϭ 89.9%), F(1, 7) ϭ 0.4, ns. These two factors, moreover, did not interact significantly, F(2, 14) ϭ 2.05, ns.
No significant main effects emerged from the analysis of RTs conducted at the group level (central display: M eye ϭ 406 ms, M mouth ϭ 410 ms, M nonfacial ϭ 405 ms), F(1, 7) ϭ 1.5, ns, (trial type: M cued ϭ 404 ms, M uncued ϭ 410 ms), F(1, 7) ϭ 2.9, ns, or interaction, F(2, 14) ϭ 1.09, ns. Similarly, the analysis of RTs for each participant failed to reveal differences between the eyecued and eye-uncued conditions (all ps Ͼ .05).
Discussion
In this experiment, we used schematic drawings to assess the possibility that baboons are sensitive to eye gaze. The analyses conducted on individual and group data do not support the idea that the presentation of facial displays looking to the left or right side biases baboons' attention. In addition, the data set provides no evidence that eye stimuli were processed differently from nonfacial and mouth stimuli. In spite of the evidence cited above that schematic faces are adequate stimuli in the context of our research, the hypothesis can be made that our stimuli were not realistic enough for inducing a reliable effect of attentional shift in baboons. This hypothesis was addressed in the next experiment.
Experiment 2
Photographs of human faces were utilized as stimuli in Experiment 2. Use of human faces was justified by several reports showing that primate species as diverse as chimpanzees (Povinelli & Eddy, 1996a) , baboons (Vick, Bovet, & Anderson, 2001 ), or capuchins (Vick & Anderson, 2000) are capable of gaining information from real human faces or their pictures. Our baboons had moreover been maintained in captive social group from approximately 13 years, which made them highly familiar with the human species.
Method Participants
Seven baboons were tested. They were the same as in Experiment 1, with the exception of 1 male that refused to work.
Apparatus and Stimuli
The apparatus was the same as in Experiment 1. Three types of facial stimuli were used. All facial stimuli represented the same person displaying a neutral expression. The first type of facial stimulus, referred to as the eye display, corresponded to an upright 9°ϫ 6°face looking on the left or right side. The second type of facial stimulus was the same left-or right-looking face that had been rotated 180°. It is referred to as the inverted display. Note that previous studies of our group showed that baboons' performance in a human face discrimination task is affected by changes in the orientation of the face (Martin-Malivel & Fagot, 2001 ). The last type of facial stimulus is referred to as the mouth display. It corresponded to an upright face with closed eyes, which had been modified by adding a 1.5°ϫ 0.7°l ight gray rectangle containing a smaller 0.3°ϫ 0.3°, darker square in the corner of the mouth. The surface and luminance of the rectangle and square elements corresponded to the average surface and luminance of the visible parts of the pupil and sclera of the eye displays. The discriminative stimuli were Fs and Ts of the same visual size as in Experiment 1. Eye, mouth, and inverted displays had a 640 ϫ 480 definition and were created with 256 levels of gray.
Training and Testing Procedure
The testing procedure is the same as in Experiment 1 (see Figure 1) , except that the baboons first perceived an upright (mouth or eye trials) or an inverted (inverted trials) real face with closed eyes, before the presentation of the eye, mouth, or inverted displays.
Each baboon received six sessions of 120 trials, in which the type of discriminative stimulus (F or T), the type of central display (eye, inverted, and mouth), and the type of trial (cued or uncued) were counterbalanced. The other aspects of the testing procedure were all identical to those of Experiment 1.
Baboons received training before the test. Training first involved presentation of the go and no-go letters on a blank screen. It then involved presentation of an upright or inverted face with closed eyes before the display of the discriminative letter. It finally involved presentation of the same upright or inverted face looking straight ahead before the display of the letter stimuli. Testing was presented approximately 5 months after completion of Experiment 1.
Results and Discussion
Subjects got 85.9% of the trials correct (SD ϭ 13.7) and had a mean RT of 390 ms (SD ϭ 51 ms). Scores and RTs were both submitted to separate ANOVAs with the type of display (eye, mouth, or inverted) and trial type (cued or uncued) serving as the unique within-subject factors.
The ANOVA on scores showed no significant effect of display type (M eye ϭ 84.6% correct, M inverted ϭ 85.3%, M mouth ϭ 87.6 %), F(2, 12) ϭ 1.2, ns, and no effect of cuing (M cued ϭ 85.5 %, M uncued ϭ 86.3 %), F(1, 6) ϭ 0.9, ns. The two-way interaction was significant, F(2, 12) ϭ 4.5, p ϭ .04. The interaction was, however, of little heuristic value for our purpose. Indeed, post hoc analyses of this interaction (Tukey's honestly significant difference [HSD] tests, p Ͻ .05) revealed no significant effect of cuing when the eye, inverted or mouth trials were considered independently. The ANOVA on median RTs showed no significant main effect (type of display: M eye ϭ 384 ms, M inverted ϭ 390 ms, M mouth ϭ 394 ms), F(1, 6) ϭ 1.4, ns, (cuing: M cued ϭ 385 ms, M uncued ϭ 394 ms), F(2, 12) ϭ 0.6, ns, and no significant interaction, F(2, 12) ϭ 0.2, ns.
We also performed individual participant full factorial ANOVAs on RTs as a function of the type of display (eye, inverted, or mouth) by trial type (cued or uncued). In one baboon, there was a significant two-way interaction between the two considered factors, F(2, 224) ϭ 3.29, p Ͻ .03. Post hoc tests (Tukey's HSD, p Ͻ .05) of this interaction showed that RTs in the eye condition were shorter in the cued (M ϭ 353 ms) than in the uncued (M ϭ 567 ms) trials. This effect emerged neither for the inverted trials nor for the mouth trials. The significance of this positive result remains unclear at this point, because it emerged in only 1 baboon among the group of 7. Considering this limitation, the main goal of Experiment 3 was first to assess the reliability of this latter finding and second to verify if the other baboons would finally show a sensitivity to eye gaze, when eye gaze signals were made more salient by experimental manipulations.
Experiment 3
In Experiment 3, the duration of gaze cues was increased and the eye-target distance was reduced to enhance the effect of eye gazes.
Method Participants, Apparatus, and Stimuli
They were the same as in Experiment 2.
Testing Procedure
This experiment consisted of two consecutive testing phases using the same procedure as in Experiment 2. In Testing Phase 1, the central display was presented for 800 ms instead of 300 ms; the other aspects of the procedure were the same as in Experiment 2. In Testing Phase 2, the lateral target-outer contour of the face eccentricity was set to 0.5°instead of 3°, and the duration of the central displays was maintained at 800 ms. Again, the other aspects of the procedure in that testing phase were the same as in Experiment 2. Testing Phases 1 and 2 began after 30 -40 warm-up trials and were conducted consecutively approximately 2 months after Experiment 2.
Results and Discussion
Display types (eye, inverted, or mouth) by cuing condition (cued or uncued) two-way ANOVAs were performed independently for each testing phase.
Baboons scored 82.2% correct on average in Testing Phase 1 (SD ϭ 12.4). There was no significant effect of display type on scores (M eye ϭ 79.9%, M inverted ϭ 82.7%, M mouth ϭ 84.2%), F(2, 12) ϭ 1.81, ns, and no significant effect of cuing (M cued ϭ 82.6%, M uncued ϭ 81.9%), F(1, 6) ϭ 1.26, ns. In addition, the interaction between these two factors did not reach significance level, F(2, 12) ϭ 0.49, ns. Considering RTs, there was similarly no significant effect of display type and no effect of cuing (display type: M eye ϭ 389 ms, M inverted ϭ 377 ms, M mouth ϭ 379 ms), F(2, 12) ϭ 1.68, ns, (cuing condition: M cued ϭ 380 ms, M uncued ϭ 383 ms), F(1, 6) ϭ 1.75, ns. A significant interaction was found between these two factors, F(2, 12) ϭ 3.85, p ϭ .051, but post hoc analyses (Tukey's HSD test, p Ͻ .05) failed to reveal any significant difference when the cued and uncued conditions were considered independently for the eye, inverted, and mouth displays.
Findings obtained in Testing Phase 1 were also analyzed independently for each baboon. The computation of a Type of Trials (cued vs. uncued) ϫ Central Display Type (eye, inverted, or mouth) ANOVA on individual RT data showed a significant two-way interaction for 1 baboon only, F(2, 223) ϭ 5.65, p Ͻ .01. Post hoc analyses of this interaction showed that cuing effects in this latter baboon was restricted to the eye condition (M cued ϭ 403 ms, M uncued ϭ 452 ms).
Similar analyses were also conducted on the findings of Testing Phase 2. Considering the group of baboons as a whole, mean score performance was similarly high in the cued condition (87.1%) and the uncued condition (88.2%), F(1, 6) ϭ 0.64, ns, and the performance in the eye, inverted and mouth conditions did not differ from each other (88.6%, 87.1%, and 87.1% respectively), F(2, 12) ϭ 0.27, ns. In turn, response speed was similar in the two cuing conditions (M cued ϭ 378 ms, M uncued ϭ 380 ms), F(1, 6) ϭ 0.07, ns, and unrelated to the type of display (M eye ϭ 381 ms, M inverted ϭ 380 ms, M mouth ϭ 377 ms), F(2, 12) ϭ 2.46, ns, and there was no significant interaction between the two factors. Also, not a single baboon showed a reliable effect of eye cuing in Testing Phase 2, when individual data were analyzed by way of a Central Display ϫ Trial Type ANOVA.
The general picture emerging from Experiments 1-3 is that perception of an eye gaze looking toward a target stimulus had no reliable effect on baboons' ability to detect the target. This conclusion derives from all the analyses conducted at the group level. It also derives from the analysis of the individual data. Overall, over the 29 statistical comparisons performed on individual RT data in Experiments 1-3, we found only two significant effects of cuing restricted to the eye condition. Although these findings suggest that eye gaze can bias baboons' spatial attention, note that these two effects of cuing came from 2 different baboons. Therefore, the baboon showing an effect of eye gaze in Experiment 2 had no cuing effect in the Testing Phase 1 of Experiment 3 and vice versa. Neither of these baboons, moreover, indicated cuing effect in Testing Phase 2 of Experiment 3, although the gaze stimulus was very salient in this final testing phase, owing to a long presentation time and a short eye-target distance. Effects of eye gaze are thus, at best, very elusive in baboons.
Two reasons make it unlikely that the baboons did not respond to the direction of the gaze alone, because the photographs of human faces were too artificial for them. First, as mentioned above, our baboons were highly familiar with humans owing to 13 years of captivity. Second, these baboons were also familiar with pictorial representations of human faces (e.g., Martin-Malivel & Fagot, 2001) owing to previous training and testing. To interpret our findings, it might rather be proposed that the baboons did not pay any attention to the central display and focused their spatial attention on the two lateral parts of the screen in which the targets were displayed. Remember that there was no correlation in Experiments 1-3 between the orientation of eye gaze and the location of the discriminative stimuli. The next two experiments were aimed at verifying how baboons allocated their spatial attention during testing. To focus on the perception of the eye gaze, central stimuli in these experiments were reduced to the eye region, without any other facial features. Eyes were moreover represented by schematic drawings because Experiments 2-3 failed to reveal any positive effect of cuing with more realistic pictorial stimuli.
Experiment 4
To directly question whether baboons processed the eye region, we used a testing procedure involving the simultaneous presentation of two letters, one being shown midway between the eyes and the other being shown at the same left or right location as before. These probe trials were compared with baseline trials, in which one letter only was shown left or right of the eyes. It was assumed that any reduction of RTs in probe compared with baseline trials would indicate a processing of the eye area, in which the extra letter was displayed.
Method Participants
The same 8 baboons served here as had served in Experiment 1, with the exception of 1 female that was removed from the sample for a reason unrelated to this experiment.
Apparatus and Stimuli
The apparatus was identical to that of Experiment 1. The test stimuli were two schematic eyes identical in visual size, color, location on the screen, and separation to the eye drawings shown in Experiment 1 (see Figure 2 ). Discriminative stimuli were Fs and Ts, as in Experiment 1.
General Testing Procedure
The testing procedure was based on Experiment 1. It comprised baseline trials intermixed with probe trials. After the subject had touched the touch panel, a central display showing the two contours of the eyes appeared for 340 ms. Immediately after, the two pupils were added for 150 ms in the center of the eyes, before the 250-ms display of the F or T discriminative stimuli. In Experiment 1, the eyes were looking straight ahead and were therefore neutral with respect to target location. Only one letter appeared on the screen in baseline trials. That letter was shown left or right of the eyes, at 4°of visual angle from the outer contour of the eyes. Two identical letters appeared simultaneously in probe trials. One of these letters was shown left or right, at the same location as in baseline trials, and the other letter appeared midway between the two eyes. The subject had to move the joystick whenever the go stimulus was shown on the screen and to refrain from moving it otherwise. Go responses could be given during target-letter display, or during a 1.5-s blank screen that was presented immediately after the letter had disappeared. Incorrect go or no-go responses were followed by a 6-s time-out during which the screen turned green. After food delivery or time-out, the next trial could be initiated by contact of the touch pad after a 6-s intertrial interval. Note that the duration of both central displays and discriminative letters were reduced compared with Experiment 1. That procedural change was introduced to try to enhance the difficulty of the task.
Each subject underwent two test sessions of 144 trials each. Test sessions contained 96 baseline trials that were intermixed with 48 probe trials. Within each session, there was an equal number of probe trials involving the go and no-go letter. The lateral letter shown in probe trials was equally often presented on the left and right side, following a completely balanced design. Differential food reinforcement was in effect in baseline trials, whereas probe trials were randomly reinforced on a 80% basis. Eighty percent was selected as the reinforcement rate for probe trials, because that value corresponds to learning criterion and thus to the minimal reinforcement rate obtained at the end of training. Experiment 4 was conducted 8 months after Experiment 3.
Preliminary Training and Preliminary Testing
Training was given before the test because baboons had never been presented with eyes only as central displays. During training, subjects were presented with randomly ordered 96-trial sessions. These trials involved presentation of a single letter, either F or T, and the gaze was neutral (looked straight ahead). The identity of discriminative stimuli, either F or T, and their left or right location were balanced across trials. The duration of the central displays in training trials was the same as in testing (see above). By contrast, the duration of the discriminative letter cues was initially set to 1 s during training and then was progressively reduced to 250 ms. Sessions were repeated until baboons performed at a level of 80% or more correct in two consecutive sessions in which the discriminative letter was shown for 250 ms.
A preliminary test was given after training. That test was aimed to ensure that the eye displays used in this experiment were not processed differently from the eye displays used in Experiment 1. Thus, each baboon received four sessions of 96 trials in which the eyes could point toward the left side (in 32 trials), toward the right side (in 32 trials), or look straight ahead (32 trials). For each condition of gaze, the target appeared an even number of times on the left or right part of the screen. Neither performance nor RTs were affected by the orientation of the gaze. The analysis of scores showed, indeed, a similar performance level in the three conditions of gazing (look toward the letter, M ϭ 90.7%; look away from the letter, M ϭ 91.6%; look straight ahead [neutral] , M ϭ 91%), F(2, 14) ϭ 0.26, ns. Moreover, these three conditions did not differ from one another in terms of RTs (Ms ϭ 335, 337, and 332 ms, respectively), F(2, 14) ϭ 1.1, ns. Results of this preliminary test therefore confirmed that the eye displays, devoid of any other facial features, were processed as were the face displays in Experiment 1.
Results and Discussion
Baboons reached a performance level of 92.5 % correct in baseline trials (SD ϭ 6%). Accurate go-no-go responses were given in 93.4% of the probe trials (SD ϭ 6%). The percentages of correct responses in baseline and probe trials did not differ significantly, F(1, 6) ϭ 0.4, ns, showing that presentation of the central letter had no effect on performance.
For the analysis of response speed, we investigated whether baboons responded more quickly on correct baseline go trials than on correct go probe trials. There was no significant difference between these conditions (M baseline ϭ 362 ms, SD ϭ 25 ms; M probe ϭ 359 ms, SD ϭ 30), F(1, 6) ϭ 0.34, ns. Results of both scores and RTs are thus consistent. They suggest that duplicating the target stimulus provided no advantage when one letter was displayed midway between the eyes. In the light of these findings, we concluded that the baboons did not attend to the central (eye) part of the display in our testing condition.
Experiment 5
The hypothesis that baboons did not process the eye region in Experiment 4 was based on the assumption that the simultaneous presentation of two targets would be beneficial for them, when these targets were both displayed in an attended-to space. Because there was no facilitation in Experiment 4, in Experiment 5 we investigated whether an effect of duplication would emerge when the two letters were shown in spaces that were known to be attended to by the baboons, in particular, on the left and right sides of the eyes. Observation of facilitation in that condition would confirm that baboons did not pay attention to the eye region. A new factor was also introduced in Experiment 5, in addition to a change in target location. Thus, the two simultaneous letters shown on probe trials were either identical or different. Comparison between these conditions was expected to allow a better understanding of the mechanisms underlying the behavior of baboons.
Method Participants
The same baboons as in Experiment 4 were used.
Apparatus and Stimuli
The apparatus was the same as in Experiment 4, except that the two letters were presented left and right of the eye stimuli (see Figure 2) .
Testing
Baboons received four consecutive test sessions of 120 trials each. Test sessions contained 96 baseline trials, the same as in the final training phase, that were intermixed with 24 probe trials. Two types of probe trials were proposed: consistent probe trials, in which the discriminative letter was simultaneously presented on the left and right side of the screen, and inconsistent probe trials, in which the F was presented on one side and T was presented on the opposite side. There was no correct answer in the inconsistent probe trials. For that reason, all probe trials were randomly reinforced at a rate (i.e., 80%) consistent with the reinforcement rate achieved in the final training phase. The overall number of consistent and inconsistent trials was balanced over the experiment, as was the location of the two letters for inconsistent trials (the F was on the left or right side of the eyes). This experiment was conducted immediately after Experiment 4.
Results and Discussion
Average performance was 91.3% (SD ϭ 12.5%) for baseline trials. To analyze performance in consistent probe trials, we verified whether the baboon's responses were in accord with what they had learned during training. In other words, we verified whether they provided no-go responses whenever they conjointly saw two instances of the no-go letter and a go response when they saw the two instances of the go letter. That was indeed the case in 90.8% (SD ϭ 12%) of the consistent-probe trials. That percentage did not differ from the percentage of correct responses observed in baseline trials, F(1, 6) ϭ 0.03, ns.
We further verified whether a go or a no-go response was made on average for the inconsistent trials, in which baboons simultaneously perceived the go and no-go stimuli: The baboons made go responses in 84% of these trials (SD ϭ 15.2%). The percentage of go responses in these trials did not differ from the percentage of go responses in baseline go trials (i.e., 87.5%), F(1, 6) ϭ 1.53, ns. This finding suggests that the baboons treated the conflicting inconsistent stimuli in the same manner as the nonconflicting stimuli involving the presentation of the target go letter. It was as if the baboons encoded the go letter only and consequently gave priority to the go over the no-go responses during inconsistent trials.
Mean RTs were equal to 357 ms on average (SD ϭ 32). Median RTs were analyzed in an ANOVA considering the following three types of trials in which go responses were recorded: baseline go trials, consistent trials involving the go letter, and inconsistent trials. The main effect of test condition emerged as significant, F(2, 12) ϭ 8.85, p Ͻ .005. Post hoc Tukey HSD tests showed reduced RTs in consistent go trials (M ϭ 347 ms) compared with baseline go trials (M ϭ 363 ms). Because one letter only was presented in baseline trials, this finding demonstrates that a simultaneous presentation of the discriminative letters on the left and right side of the eyes speeded up RTs, compared with a unilateral presentation. All in all, these results demonstrate that facilitation induced by target duplication might emerge, when the two letters are shown in a screen area attended to by the baboons. When Experiments 4 and 5 are considered together, results suggest that direction of eye gaze had no effect on baboons' attention, owing to an attentional neglect of the central area.
Experiment 6
Experiment 6 is based on the observation that the baboons did not spontaneously attend to the central area of the screen (see Experiments 4 -5) but processed in priority the screen area in which the target was more likely to appear. Baboons were trained to process the eye region in Experiment 6. Thus, they were trained to attend the discriminative letter that could appear with an equal probability in three locations, that is, the left and right locations (same as before) in addition to the central location. After training, a test was given to verify whether an effect of eye gaze would finally emerge as a result of this training to attend to the eye region.
Method Participants
Six baboons were tested. They were the same as in Experiments 4 -5, with the exception of 1 female baboon that was no longer available for testing.
Apparatus and Stimuli
The apparatus and eye stimuli were identical to those of Experiment 5. Novel discriminative stimuli were used in this experiment to avoid interference with previous learning. They were the capital letters A and E. Letters were of the same color and size as before.
Preliminary Training
A training phase was given before the test. It was designed to ensure that the baboons attended to the central area of the display, in addition to the lateral areas. Training trials were as follows: The baboons were initially presented with the outer contour of the two eyes for 340 ms. Immediately after, the two pupils appeared for 150 ms in the center of the two eyes, before the display of the discriminative A or E. The letter A was the go stimulus for 3 baboons (1 female and 2 males), and the no-go stimulus for the remaining 3 (1 female and 2 males). Duration of the discriminative letter was initially set to 2 s and progressively reduced to 250 ms with repeated training sessions. Go responses could be given during letter display or during a 1.5-s blank screen presented immediately after the letter had disappeared. Training sessions consisted of 96 randomly ordered trials (48 go and 48 no-go trials) in which the discriminative letter was presented an equal number of times in the left, right, or central position. To be tested, the baboons had to meet the following training criterion: In two consecutive training sessions with 250-ms letter presentation, they had to achieve nondifferent scores (chi-square test, p Ͼ.05) and RTs (two-tailed t test, p Ͼ .05) for central and lateral letter displays (left and right displays were combined for this analysis). Baboons needed from 11 to 26 (SD ϭ 5) training sessions to reach training criterion.
Testing Procedure
Baboons received eight test sessions, each comprising 96 baseline trials (48 go and 48 no-go), similar to those of training, intermixed with 32 probe trials (16 go and 16 no-go). The eye gaze was oriented toward the left and right sides in probe trials, and the discriminative letter was located either on the left or right side of the eyes. There were, therefore, four types of go and no-go probe trials, resulting from the factorial combination of eye gaze orientation (left or right) and letter location (left or right). All trials were differentially reinforced. The other aspects of the testing procedure, for instance in terms of stimulus duration, were similar to those of the last training sessions. Two weeks elapsed between the end of Experiment 5 and the start of Experiment 6.
Results and Discussion
Mean performance for baseline trials was equal to 96.6% (SD ϭ 3%). Baboons' performance in baseline trials was submitted to an ANOVA in which the location of the discriminative letter, either in the center of the display or on one side (left and right sides were combined), was considered as the unique factor. Results indicated similar performance when the discriminative letter was presented in the central position (M ϭ 96.4%) as to when it was displayed on the left or right side (M ϭ 96.8%), F(1, 5) ϭ 0.32, ns. Average performance was 95.9% correct (SD ϭ 2%) for probe trials, which was not statistically different from baseline trials, F(1, 5) ϭ 0.67, ns.
Did gaze cuing affect speed performance or scores in probe trials? Statistical analyses on scores and median RTs provided a negative answer to that question. Thus, performance was almost equal for cued trials (95.4% correct) compared with uncued trials (96.3% correct), F(1, 5) ϭ 0.95, ns, and median response speed in correct go probe trials did not differ significantly in these two conditions (cued ϭ 340 ms, uncued ϭ 343 ms), F(1, 5) ϭ 1.9, ns. In sum, Experiment 6 failed to reveal any effect of gaze cuing on the processing of the discriminative letter, although baboons were specifically trained to attend to the screen area where the gaze cue was displayed.
Experiment 7
The orientation of eye gaze was orthogonal to the location of the target in the previous experiments. It was therefore not predictive of target location. Use of nonpredictive gaze cues was aimed at searching for any possible spontaneous and automatic attentional shift induced by this type of stimuli. Another question was addressed in Experiment 7, considering the negative findings reported in Experiments 1-6. In Experiment 7, we asked if monkeys could learn the use of eye gaze. To address that question, the baboons first received an extensive training in which the direction of eye gaze was a perfect predictor of target location. A test then assessed effects of eye direction by comparing cued and uncued trials.
Method Participants, Apparatus, and Stimuli
Subjects were the same 6 baboons as had served in Experiment 6. Eye stimuli and discriminative letters were identical to those used during the training phases of Experiment 6.
Training and Testing Procedures
Each subject initially received 15 sessions of 80 trials each (total ϭ 1,200 trials), in which the direction of eye gaze was completely predictive of target location. Half of the training trials per session implied an eye gaze oriented toward the left side, and the other half implied an eye gaze oriented toward the right side. Baboons then received 5 test sessions of 100 trials each. Test sessions consisted of 80 cued trials, the same as in training, and 20 uncued trials, in which the direction of eye gaze was inconsistent with target location. The other aspects of the testing procedure, for instance, in terms of target duration or target lateral eccentricity, were the same as in Experiment 4. All trials were differentially reinforced. Experiment 7 was conducted immediately after Experiment 6. Statistical analyses searched for an effect of eye gaze on both scores and RTs. A first ANOVA on scores considered the effect of cuing as the unique factor. It showed that performance in the cued condition did not differ from that in the uncued condition (M cued ϭ 97.8%, M uncued ϭ 97.5%), F(1, 5) ϭ 0.3, ns. By contrast, a similar analysis on median RTs showed a significant effect of cuing: RTs were significantly shorter in the cued condition (M ϭ 308 ms) compared with the uncued condition (M ϭ 320 ms), F(1, 5) ϭ 46.7, p Ͻ .001. That difference between cued and uncued trials demonstrated that the baboons had learned the association between eye gaze direction and target location. In other words, findings indicated that training allowed baboons to process the direction of eye gaze.
Results obtained in this experiment permit an additional conclusion: Cuing effects can emerge in baboons in a situation in which RTs were very short (in the 300-ms range). This result is important because it demonstrates that the negative results obtained in Experiments 1-3 do not derive from a floor effect, due to very short RTs (they are of approximately 400 ms) but reflect the way eye gaze is processed.
General Discussion
This series of experiments investigated the processing of pictorial eye gaze by baboons. Eye gaze to the left or to the right was presented on a monitor screen before a target letter to which baboons had to respond on a go-no-go basis. Following Friesen and Kingstone's (1998) research on humans, we tested the possibility that the perception of an eye gaze could trigger an attentional shift consistent with gaze direction. The first three experiments showed no effect of eye gaze on the processing of the target letter, whatever the quality of eye depiction, either schematic drawings or photographic representations (Experiments 1-2), the duration of eye gaze (Experiment 3), or eye-target distance (Experiment 3). Because baboons did not spontaneously attend to the eye region of the stimuli (Experiments 4 -5), they were trained to attend to the eye region by occasionally presenting the target midway between the two eyes (Experiment 6). Oriented eye gaze continued to be ineffective in triggering an attentional shift. Finally, the last experiment showed that eye gaze facilitated target processing when eye cues were perfect predictors of target location.
The negative findings of Experiments 1-6 contradict those of human adults (Friesen & Kingstone, 1998) and infants (Hood et al., 1998) . Because several procedural differences exist between these two studies and ours, for instance, the type of response (joystick vs. keyboard response) or stimulus visual size, it could be that our procedure was not instrumental in revealing attentional shifts. A control experiment was, therefore, conducted with a sample of humans, to test that hypothesis. Thus, 12 human adults were tested in the same condition as baboons in Experiment 1. Their results revealed faster response latencies when the gaze was directed toward versus away from the target and therefore confirmed findings from Friesen and Kingstone (1998) .
1 This control experiment demonstrated that differences obtained between baboons and humans could not be accounted by variations in testing procedure. They rather suggested that humans and baboons process eye gaze differently. Data from Experiments 1-6 are in line with Anderson et al.'s (1996) study of rhesus monkeys as well as with Anderson et al.'s (1995) and Itakura and Anderson's (1996) studies on capuchins, showing that the orientation of experimentergiven eye gaze could not be referred to for detecting the location of food.
Although baboons made no spontaneous use of the orientation of eye gaze when eye gaze did not predict the location of the target, they showed attentional shifts in Experiment 7, when the orientation of eye gaze was a perfect predictor of target location. The fact that this effect emerged after training suggests that the use of eye gaze might be learned in baboons, in conditions in which eye gaze is of direct relevance for detecting spatial targets. Findings of Experiment 7 are moreover consistent with Vick and Anderson (2000) , indicating that capuchin monkeys also can learn to use eye gaze after appropriate training. They are also consistent with Ferrari et al.'s (2000) finding that the ability to follow eye gaze by pigtailed macaques emerges only in adulthood, suggesting that a long exposure to eye gaze is needed by macaques for processing eye gaze orientation. These data, however, disagree with two studies involving primates from the same phylogenetic family as baboons. They are the studies by Emery et al. (1997) and Lorincz et al. (2000) , which each used 2 rhesus macaques already familiar with experimental procedures involving slides and videotapes of humans and macaques. The question therefore remains of whether effects of eye gaze in these macaques were acquired through learning. A test that would use the same procedure as Lorincz et al. but with naive animals is thus critically needed to verify if the attentional shift of rhesus macaques is similar to the one obtained in baboons in Experiment 7 or emerged more spontaneously, without learning.
Results in ape species, that are closer to humans than either baboons or rhesus, are also interesting to consider in the context of our findings. Povinelli and Eddy (1996a) found that chimpanzees track shifts in humans' visual attention signaled by eye cues only. Consistent results were obtained on 1 orangutan (Itakura & Tanaka, 1998) and to a lesser extent in 2 chimpanzees (Itakura & Tanaka, 1998) . These data raise the interesting hypothesis that special mechanisms devoted to the processing of eye gaze emerged late during evolution in ape species. We believe, however, that it 1 Twelve adults (6 women and 6 men, age 20 -28 years) were tested using the same apparatus, procedure, stimuli, and viewing conditions as for the baboons in Experiment 1. Data analyses focused on RTs, because of very high performance scores (Ͼ99% correct). Statistical analyses of median RTs showed a reliable effect of cuing, RTs being shorter in cued (M ϭ 356 ms) compared with uncued probe trials (M ϭ 362 ms), F(1, 11) ϭ 6.62, p Ͻ .03. In that experiment there was no significant Cuing ϫ Display Type interaction, which suggests that the effect of cuing generalized across conditions. To avoid such a generalization process, 12 new participants received the same test as in Experiment 1 but were submitted to test sessions in which the eye, mouth, and nonfacial trials were blocked, instead of being randomly intermixed. A significant Cuing ϫ Type of Display interaction emerged from that testing, F(2, 20) ϭ 3.8, p Ͻ .04. Application of Tukey's HSD tests ( p Ͻ .05) revealed that the effect of cuing was significant for eye probe trials (M cued ϭ 351 ms, M uncued ϭ 364 ms) but did not reach significance for either nonfacial (M cued ϭ 365 ms, M uncued ϭ 369 ms) or mouth (M cued ϭ 357 ms, M uncued ϭ 363 ms) probe trials. This control experiment thus demonstrated that our procedure was well suited to reveal an effect of eye gaze on target processing.
would be premature to draw any firm conclusion regarding a phylogenetic trend of the ability to read and interpret eye signals from the present data. Thus, as already mentioned, both Povinelli and Eddy's (1996a) and Itakura and Tanaka's (1998) studies involved experimenter-given-eye cues in face-to-face situations, which makes it difficult to rule out the existence of subtle uncontrolled head or body cues that might be detected by the chimpanzees. For the above two studies, moreover, the question also arises of whether extensive contact with humans may have enhanced the informational value of eye gaze, thus questioning the emergence of this ability in more naive animals of the same family. Finally, the recent test of chimpanzees using a more controlled computerized procedure similar to ours failed to reveal the existence of an attentional shift in them (see Tomonaga, 2001 ; for other negative results on apes, see Peignot & Anderson, 1999) . The general statement must thus be that more studies are critically needed, both with nonape and ape primates, to identify the extent and limits of the use of eye gaze in primates. Studies with baboons having a greater experience with eye gaze than those of the current study would also be informative.
Beyond the issue of whether baboons process eye gaze orientation is the central issue of the existence of a theory of mind in nonhuman primates. According to Premack and Dasser (1991) , the capacity to attribute mental states to others implies some knowledge of what the other sees. In line with Premack and Dasser, Baron-Cohen (1994) proposed a model of mind reading that posits the existence of a specialized processor, the EDD, that computes eye orientation. In Baron-Cohen's perspective, the EDD is supposed to be present in a large range of species. EDD, moreover, is automatically activated and should respond to both real eyes and eyelike stimuli. In our experiment, eye gaze did not spontaneously affect baboons' attention, whatever the quality of eye representation, either photographic or schematic eyes, and irrespective of eye gaze distance and duration (Experiments 1-3). In contraction with Baron-Cohen's propositions, findings of the current experiments all converge to suggest that baboons lack an EDD mechanism.
What are the implications of our findings, as they pertain to the issue of theory of mind? Should we conclude that baboons lack a theory of mind, considering that they hardly process eye gaze? When interpreted in the light of Baron-Cohen's (1994) theory, our data suggest that baboons lack the main entry component of the theory-of-mind system that is an EDD mechanism that permits an inference of what others perceive. Note however that eye orientation is not the unique cue that might be used by animals to comprehend perception of another. Gross postural cues, such as body or head orientation, might be used instead. According to Perrett and Emery (1994) , the theory-of-mind system does not strictly rely on the analysis of eye direction and thus on the existence of an EDD. It rather involves a direction-of-attentiondetector module combining information from body, head, eye gaze, and even direction of locomotion cues. Indeed, examination of the literature demonstrates that head orientation is a more salient signal for monkeys and apes than is eye orientation. Hence, chimpanzees (Itakura, 1996; Itakura & Tanaka, 1998) , orangutans (Itakura, 1996; Itakura & Tanaka, 1998) , gorillas (Peignot & Anderson, 1999) , macaques (Ferrari et al., 2000; Lorincz et al., 2000) , and capuchins (Vick & Anderson, 2000) all have proved much more successful when using convergent head and eye orientation cues than when using eye orientation only. Strong evidence for the saliency of head cues is also provided by situations in which head and eye signals conflict. Vick and Anderson (2000) reported for instance that a capuchin monkey followed head cues, rather than eye cues, when these two signals conflicted, suggesting that head orientation was more readily used by capuchins than eye signal only.
Assuming that head and body signals are important for detecting where others are paying attention, note that the head and the body can move independently from the eyes. Consequently, this type of visual information provides much less accurate information on the perception of others than does a strict analysis of eye orientation. Considering that the ability to develop a theory of mind implies the capacity to comprehend what the other perceives, in addition to the capacity to attribute attention and intention to others, nonhuman primates that do not have the ability to analyze the orientation of the eyes should have limited perspective-taking ability and should consequently be impaired for developing a theory of mind. We suspect that this is the case for baboons and any other primates that hardly process eye gaze.
